Trends, including topics such as mental health 3 and infectious diseases. 4 A review of the use of Google Trends in the medical literature noted that only 16% of the 70 studies identified focused on noncommunicable diseases. 5 The studies identified also tended to focus on searches for known disease states as opposed to symptoms of noncommunicable disease.
Coronary heart disease (CHD) has been shown to exhibit geographic, 6 seasonal, 7 and diurnal 8,9 variation. The cardinal symptom of CHD is angina, and given the commonality of online searches for symptoms, we sought to investigate the association of chest pain symptom search with the epidemiology of CHD. We hypothesized that search frequency for chest pain obtained using Google Trends would correlate strongly with previously reported epidemiology of CHD.
Methods

Search Terms
With the goal of identifying searches most likely to be related to cardiovascular disease, several possible symptoms were con-IMPORTANCE Online search for symptoms is common and may be useful in early identification of patients experiencing coronary heart disease (CHD) and in epidemiologically studying the disease.
OBJECTIVE To investigate the correlation of online symptom search for chest pain with disease prevalence of CHD.
DESIGN, SETTING, AND PARTICIPANTS
This retrospective study used Google Trends, a publicly available tool that provides relative search frequency for queried terms, to find searches for chest pain from January 2010 to June 2017 in the United States, the United Kingdom, and Australia. For the United States, results were obtained by state. These data were compared with publicly available prevalence data from the US Centers for Disease Control and Prevention of CHD hospitalizations by state for the same period. The same terms were used to evaluate seasonal and diurnal variation. Data were analyzed from July 2017 to October 2017.
MAIN OUTCOMES AND MEASURES
Correlation of search engine query for chest pain symptoms with temporal and geographic epidemiology.
RESULTS State-by-state comparisons with reported CHD hospitalization were correlated (R =0.81;P < .001). Significant monthly variation was appreciated in all countries studied, with the United States, United Kingdom, and Australia showing an 11% to 39% increase in search frequency in winter months compared with summer months. Diurnal variation showed a morning peak for search between local time 6 AM and 8 AM, with a greater than 100% increase seen in peak searching hours, which was consistent among the 3 countries studied.
CONCLUSIONS AND RELEVANCE Relative search frequency closely correlated with CHD epidemiology. This may have important implications for search engines as a resource for patients and a potential early-detection mechanism for physicians moving forward.
sidered, including angina, dyspnea, diaphoresis, and weakness. Chest pain has been found to have the greatest sensitivity for CHD in both the emergency department and outpatient settings. 10,11 Therefore, chest pain and synonyms were chosen by the authors as the symptom of investigation. The Mayo Clinic Institutional Review Board approved this study. Due to the deidentified nature of the data used in the study, informed consent for this study was not obtained.
Data Acquisition
Google Trends provides an unbiased sample of Google search data. Each data point represents the proportion of searches for the queried item by the total searches in the geography of the area selected during the time range selected. This yields a relative search frequency, and results are reported as a scaled range from 0 to 100. Each proportion can represent from thousands to millions of searches taking place in the specified time frame and geographic region. Query details are reported in the 
US Geographic Variation
Publicly available data on annual CHD hospitalization rate per 1000 Medicare beneficiaries were obtained from the US Centers for Disease Control and Prevention (CDC) Atlas of Heart and Stroke Statistics from January 2010 to December 2014.
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A query was then placed for chest pain and synonyms in Google Trends during the same period the CDC data were collected. These values were compared. A similar query was placed during the same time frame for knee pain to be used as a control. The Pearson correlation coefficient was calculated.
Monthly Variation
A query was placed to determine the volume of searches for chest pain symptoms in 3 large, predominantly Englishspeaking countries from July 2012 to July 2017 (Table) . From this, a multivariate linear regression model was constructed, with month and year as predictor variables and relative search frequency as the outcome variable.
Diurnal Variation
Queries were placed to determine the volume of searches in the United States, United Kingdom, and Australia for 4 oneweek intervals (Table) . Hourly data were only available for the 7 days before the query date. For each country, hourly data were adjusted to the local time of the most populous time zone in each country, eg, Eastern Standard Time in the United States.
Means for each hour in each country were calculated and compared via analysis of variance.
Statistical Analysis
For geographic variation, correlation was evaluated using Pearson correlation coefficient with 2-tailed t tests to determine statistical significance. For monthly variation, a multivariable linear regression was performed to evaluate the correlation between month, year, and search frequency. In regards to diurnal variation, means for each hour were calculated and compared using 1-way analysis of variance to determine significance. Statistical analysis was performed in R version 3.4.3 (The R Foundation).
Key Points
Question Do search engine queries for chest pain correlate with known epidemiology of coronary heart disease?
Findings In this study, searches for chest pain and variants closely mirrored the known epidemiology for coronary heart disease in regards to state-by-state variation, seasonal variation, and diurnal variation.
Meaning Search engine query data may provide an important new resource for cardiovascular research and patient care. 
Results
Overall Search Frequency
Of 4 keywords used to describe chest pain symptoms, "chest pain" was searched 4.5-fold more than "angina" and 13-fold more than "chest pressure" and "chest tightness." As a comparator, these search terms were collectively queried 1.6-fold more than "knee pain."
US Geographical Variation
The Pearson correlation coefficient for CDC data for each state from January 2012 to December 2014 and the search frequency in each state over the same period was calculated to be 0.81 (P < .001) (Figure 1 ). Kentucky residents searched most frequently, approximately twice as frequently as residents of Oregon, the state with the least relative searches. The Pearson correlation coefficient from January 2011 to December 2013 was 0.81 (P < .001) and from January 2010 to December 2012 was 0.78 (P < .001). As a comparison, the correlation coefficient for knee pain searches from January 2012 to December 2014 was 0.31 (P < .001) (eFigure 1 in the Supplement).
Monthly Variation
Searches for chest pain symptoms were found to have significant monthly differences in all 3 countries evaluated ( Figure 2 ). In the United States and United Kingdom, searches peaked in the winter months and had a trough during the summer. The peak month in the United States was January, with an 11% increase over the trough month of June. In the United Kingdom, the peak month was December, which had a 39% increase in searches compared with the trough month of July. In Australia, the peak month for searches was July, which had a 19% increase compared with the trough month of December.
Diurnal Variation
Chest pain searches were found to consistently peak between 6 AM and 8 AM local time, with a nadir in the late afternoon between 2 PM and 6 PM for all 3 countries studied. In the United States, searches peaked at 7 AM, with a 110% increase from the nadir between 2 PM and 4 PM. Similarly, in the United Kingdom, searches peaked at 6 AM, a 189% increase over the nadir. In Australia, searches peaked at 7 AM, a 157% increase over the nadir between 3 PM and 5 PM (eFigure 2 in the Supplement). Analysis of variance of the calculated means was statistically significant for difference.
Discussion
The current study demonstrates that in regard to chest pain symptoms, the frequency of searches correlates strongly with previously reported CHD epidemiology. To our knowledge, our study is the first to identify a correlation of chest pain symptom searches online with disease prevalence in cardiovascular disease. Surveillance of online search engine activity may grow to become an important, emerging data source for cardiovascular research and care. State-by-state geographic variation of CHD hospitalizations correlated well with searches for related symptoms in all 3 of the time intervals studied. This identifies a linear rela- The least-squares mean of relative search frequency of chest pain symptoms monthly from January 2012 to December 2017 for the United States, United Kingdom, and Australia. Error bars represent standard errors of the mean. All countries had a significant monthly variation in search frequency when means were compared using analysis of variance. tionship between search frequency and disease burden at a population level. As the most recent data publicly available from the CDC is a minimum of 2 years old and Google Trends data are available nearly contemporaneously, it could potentially provide a more timely and cost-effective data source for public health researchers.
At both a seasonal and diurnal scale, searches were found to reflect previously reported temporality for CHD. This likely reflects people searching for symptoms at the time they are experiencing them. Search engines could then potentially provide a first point of contact to intervene for patients experiencing life-threatening symptoms of CHD. Google has identified the importance of online symptom search and has worked with Harvard Medical School and the Mayo Clinic to try to improve the accuracy and prioritize medically accurate information.
13 They have also started screening for depression with the Patient Health Questionnaire 9 following searches relating to depression. 14 If screened positive, resources for suicide prevention are made available. A similar model could be applied to CHD, where a screening questionnaire could identify those in need of more resources, such as the nearest percutaneous coronary intervention-capable center or an online triage with health care physicians. This has the distinct advantage of including all individuals using online search, even if they would otherwise be unable or unwilling to immediately seek medical care. While challenges to such a system are immense, it could provide an avenue to intervene at an earlier stage at large scale.
Limitations
This study had limitations. The terms used for symptom search in this study are not isolated to CHD and could represent a wide variety of pathology. Search engine data are anonymized, and motivation for particular search terms cannot guarantee the person searching is experiencing those symptoms. The granularity of the temporal information available (ie, hourly, daily, and weekly) is variable. Further clinical course or outcomes of individuals who searched for these terms cannot be determined but would be of great interest moving forward.
Conclusions
Overall, our study highlights the use of search engine data as a valuable resource in the study of cardiovascular disease. It mirrors reported epidemiology for coronary disease, with the distinct advantages of being nearly contemporaneous and inexpensive. Online searching may be an initial contact point for patients experiencing symptoms and may potentially be used to expedite necessary medical evaluation. Care needs to be taken to ensure appropriate information is provided to patients searching for these potentially serious symptoms. eFigure 1. Relative search frequency for knee pain and coronary heart disease prevalence in the United States
The scatter chart shows the relative search frequency for each state plotted with the CHD hospitalization rate reported by the CDC for each state from 2012 2014.
